Kinetic isotope effects on cytochrome P-450-catalyzed oxidation reactions. The oxidative O-dealkylation of 7-ethoxycoumarin.
The primary deuterium and tritium isotope effects on Vm/Km and on Vm have been measured for the O-deethylation of 7-ethoxycoumarin catalyzed by two purified isozymes of cytochrome P-450. From these data the intrinsic isotope effects have been calculated as described by D. B. Northrop (Biochemistry (1975) 14, 2644-2651). The observed deuterium isotope effects on Vm/Km are 3.79 and 1.90 for the isozymes isolated from the livers of rats induced by phenobarbital and 3-methylcholanthrene, respectively. The calculated intrinsic isotope effects, however, are similar and much larger (kH/kD = 12.8 to 14.0) than the observed isotope effects on Vm/Km for the two enzymes. This demonstrates that the intrinsic isotope effects are attenuated by various steps preceding the isotopically sensitive C-H bond cleavage step resulting in the low values for the observed isotope effects. Thus, the observed isotope effects do not accurately reflect the magnitude of the intrinsic isotope effect associated with this reaction. No incorporation of 18O into the 7-hydroxycoumarin product was observed in studies employing H218O or 18O2 demonstrating that the phenolic oxygen arises exclusively from the substrate. Taken together, these data provide compelling evidence that both cytochrome P-450 isozymes catalyze the O-dealkylation of this substrate by an identical radical recombination mechanism during the obligatory formation of a hemiacetal intermediate.